In the hematopoietic system a pluripotent stem cell generates precursors for lymphoid and myeloid lineages. Proenkephalinderived peptides were previously detected in differentiated lymphoid cells. We have studied whether the proenkephalin system is expressed in a typical differentiated cell of the myeloid lineage, the neutrophil. Human peripheral polymorphonuclear cells contain and release proenkephalin-derived peptides. The opioid portion of proenkephalin (met-enkephalincontaining peptides) was incompletely processed, resulting in the absence of low molecular weight products. The nonopioid synenkephalin (proenkephalin 1-70) molecule was completely processed to a 1.0-kD peptide derived from the COOH-terminal. This molecule was characterized in neutrophils by biochemical and immunocytochemical methods. The chemotactic peptide FMLP and the calcium ionophore A23187 induced the release of the proenkephalin-derived peptides, and this effect was potentiated by cytochalasin B. The materials secreted were similar to those present in the cell, although in the supernatant a higher proportion corresponded to more processed products. The 1.0-kD peptide was detected in human, bovine, and rat neutrophils, but the chromatographic pattern of synenkephalin-derived peptides suggests a differential posttranslational processing among species. These findings demonstrate the existence of the proenkephalin system in human neutrophils and the production and release of a novel 1.0-kD peptide derived from the synenkephalin molecule. The presence of opioid peptides in neutrophils suggests their participation in the inflammatory process, including a local analgesic effect. (J.
Introduction
Polymorphonuclear leukocytes play a major role in host defence against microbial infections (1) (2) (3) and are one of the primary mediators of the acute inflammatory response (4, 5) . Basically, the neutrophil contains two distinct populations of secretory granules, the primary (azurophil) and the secondary (specific) granules (6) . In addition, tertiary and quaternary granule populations have been suggested (7, 8) , but with the possible exception of a distinct gelatinase-containing population (8) , those granules and their contents have not been well defined.
Ligand binding to neutrophil surface receptors such as chemotactic peptides, C5a, and phorbol myristate acetate, as well as perturbation of the membrane with calcium ionophore A23 187, have been shown to cause the release of the granular content (9-1 1) .
Opioid peptides are involved in several events of the immune response (12, 13) . These molecules induce changes on the activity of lymphocytes, macrophages, mast cells, and polymorphonuclear cells. On the other hand, opioid peptides may induce a local analgesic effect in acute inflammatory processes through the activation of peripheral receptors (14, 15) . These studies have been mainly focused on peptides arising from the nervous system or endocrine glands.
The proenkephalin gene is expressed in cells ofthe nervous (16) , reproductive (17) , and hematopoietic (18) systems. In the latter, a pluripotent stem cell generated precursors for lymphoid and myeloid lineages. In this system proenkephalin-derived peptides were detected in differentiated lymphoid cells (18) (19) (20) . Peripheral blood lymphocytes produced and released met-enkephalin and synenkephalin (proenkephalin containing peptides when activated with a mitogenic agent (20) .
In this work we have analyzed whether the proenkephalin system is expressed in one typical differentiated cell from myeloid lineage, the neutrophil. Production and release of metenkephalin-and synenkephalin-containing peptides induced by the chemotactic peptide FMLP and by calcium ionophore A23 187 were studied. The production and release of a novel 1.0-kD peptide derived from the synenkephalin molecule 'was detected.
Methods
Cell isolation. Human neutrophils were prepared from fresh blood samples (100 ml) obtained from healthy volunteers. Neutrophils were purified by dextran sedimentation followed by centrifugation through a layer of Ficoll-Hypaque as described by Boyum (21) . The granulocyte pellet was washed in saline, and the contaminating erythrocytes were eliminated by hypotonic shock. Preparations obtained in this manner contained 95% or more neutrophils. Cell viability was tested by the ability to exclude trypan blue.
Bovine neutrophils were purified from fresh blood (250 ml) by differential centrifugation and a gradient of Ficoll-Hypaque (7) , combined with the hypotonic lysis of contaminating erythrocytes. This preparation also contained 95% or more neutrophils.
Rat bone marrow cells were obtained from the femur. After cutting off the epiphyses, the marrow was extruded by forcing a cold salt solution through with a small needle and syringe. Cell clumps were broken up by repeated gentle aspiration through a 25-gauge hypodermic needle. Neutrophils from cell suspensions were isolated as described for human blood.
Exocytosis experiments. 2 X 107 polymorphonuclear cells suspended in 1 ml of Krebs Ringer phosphate (KRP),' containing (in millimolar) 131 NaCi, 5.2 KC1, 1.3 MgSO4, 0.9 CaC12, and 15.7 NaPO4 buffer (pH 7.4), were incubated at 370C for 0-30 min in the presence or absence of stimuli at the indicated concentrations. Incubation was terminated by rapid cooling on ice and centrifugation at 10,000 g for 5 min. The cell-free supernatant was immediately incubated in boiling water for 15 min. The pellet was stored at -70'C until used. Cells that were treated with cytochalasin B (5 Mg/ml) were preincubated with this agent for 5 min at 370C before addition of the stimulus. The chemotactic peptide, FMLP, and calcium ionophore A23 187 were used as exocytotic agents.
Total and free met-enkephalin assay. Frozen cells were resuspended in 1 M acetic acid (pH 1.9 with HCl), boiled for 15 min, homogenized with a Polytron, and centrifuged at 50,000 g for 1 h. An aliquot ofthe supernatant was lyophilized and reconstituted in 50 mM Tris-HCl buffer, pH 8.4, and 2 mM CaCl2. An aliquot of the KRP supernatant of stimulated neutrophils was also diluted in the same Tris-HCl buffer. Free and total immunoreactive (IR) met-enkephalin, that is, before and after the sequential enzymatic digestion with trypsin and carboxypeptidase B (22) , were determined by RIA (23).
Enkephalin and synenkephalin assay. Met-enkephalin and synenkephalin were determined by RIA as described previously (23, 24).
Iodinated met-enkephalin and [Tyr63](syn 63-70) synenkephalin were used as tracers. It was found that met-enkephalin antiserum crossreactivity was 100% with oxidized met-enkephalin, 0.3% with leu-enkephalin, and <0.01% with met-enkephalin-Arg, dynorphin (1-13), and alpha, gamma, and beta endorphin. Sensitivity ofthe assay was 9 fmol; ICso was 130 fmol. The antiserum to [Tyr63](syn 63-70) synenkephalin showed crossreactivity of 1% with native 8.6-kD adrenal peptide (proenkephalin 1-77), which when digested with trypsin displayed a 20% crossreactivity, that reached 100% when completely digested with trypsin and carboxypeptidase B. No crossreactivity was observed with met-enkephalin, met-enkephalin-Arg, met-enkephalin-Arg-Phe, metenkephalin-Arg-Gly-Leu, leu-enkephalin, peptides E and F, dynorphin B, amidorphin, and metorphamide. Sensitivity was 2 fmol; IC50 was 50 fmol.
Gelfiltration. Samples were applied to a column of Sephadex G-75 superfine (63 X 1.0 cm) equilibrated with 1 M acetic acid (pH 1.9 with HCI). The column was eluted at a flow rate of4 ml/h at room temperature. 2-ml fractions were collected, and aliquots were lyophilized and reconstituted in 50 mM of Tris-HCl buffer, pH 8.4, and 2 mM CaCi2. Before gel chromatography assay 10 mg of bacitracin was added to each extract to reduce the nonspecific adsorption ofproenkephalin-derived peptides. Eluates were monitored by ultraviolet (UV) absorbance (280 nm) and quantitation ofNa+ or K+ ions to assess the reproducibility of the void and total volumes of the column.
A Sephadex G-50 superfine column (60 X 1.0 cm) was equilibrated with 50% acetic acid and eluted at 10 ml/h at room temperature. 2.2-ml fractions were collected, and aliquots were lyophilized and reconstituted with Tris-HCl buffer.
HPLC chromatography. Samples were applied to a reverse phase column Ultropac, Lichrosorb RF18, 5 Mm; 4 X 250 nm; LKB Instruments, Inc., Gaithersburg, MD). The column was preequilibrated with 50 mM NaH2PO4 containing 1 ml/h phosphoric acid and 5% methanol. The elution was performed in acetonitrile gradient in the same buffer. The flow rate was 0.5 ml/min and 1-ml fractions were collected, evaporated under an atmosphere of N2, and resuspended in RIA buffer.
Immunocytochemical assay. Drops of peripheral blood were applied to glass coverslips and incubated in a humidified chamber at 37°C for 90 min. The coagulated materials were gently removed with a needle and glass-added cells were washed three times with 20 mM phosphate buffer, pH 7.4, and 0.9% NaCI (PBS). All washing procedures involved 5-min incubation with the buffer solution. 
Results
Human polymorphonuclear cells contain 53±5 pmol/mg protein (n = 10) of total immunoreactive met-enkephalin; nevertheless, free met-enkephalin molecule was not detected. The chromatographic profile of cell homogenate by Sephadex G-75 revealed the presence of high and intermediate molecular weight peptides displaying met-enkephalin immunoreactivity, and the absence of low molecular weight materials. IR synenkephalin was detected in products of high, intermediate, and low molecular weight. The IR met-enkephalin to IR synenkephalin ratio in materials of high and intermediate molecular weight, displaying both immunoreactivities, was between 6:1 and 3:1. Nevertheless, no strict correlation was observed in several other molecules (Fig. 1) .
When the materials eluted in fractions 51-58 of the G-75 chromatography were applied to a G-50 column and analyzed for synenkephalin immunoreactivity, only one peak was observed in the position of 1.0 kD [Tyr63J(syn 63-70) synenkephalin standard (Fig. 2 A) . The HPLC chromatography of this material also revealed the presence of one peak coinciding with the elution volume of [Tyr63J(syn 63-70) synenkephalin (Fig. 2 B) . IR met-enkephalin was also analyzed in G-50 and HPLC chromatography, but no immunoreactivity appeared in the position of the authentic pentapeptide or oxidized pentapeptide standard (data not shown). The assay of crude polymorphonuclear cell homogenates by G-50 chromatography (Fig. 3) showed only one peak of IR synenkephalin, without enzymatic digestion, that was eluted in the position of the 1.0-kD standard.
The immunocytochemical study demonstrated that a high proportion of peripheral human neutrophils stained with an antiserum, recognizing the COOH-terminal sequence of synenkephalin. In addition, the cells presented different degrees of color intensities (Fig. 4) .
Fresh isolated polymorphonuclear cells were incubated with different concentrations of the chemotactic peptide FMLP and the calcium ionophore A23187. The release of met-enkephalin-containing peptides was analyzed after several periods of stimulation (Fig. 5) . Both cytochalasin B yielded 84% of the total peptide content of the cells.
IR met-enkephalin was detected in supernatants 2 min after stimulation of neutrophils with FMLP and calcium ionophore, reaching the highest values at 7 and 5 min, respectively. When cells were previously incubated with cytochalasin B, the highest values for released peptides were found after 2 min of the stimulation with both exocytotic agents. A small secretion of met-enkephalin-containing peptides occurred in incubated but not stimulated polymorphonuclear cells, treated or not with cytochalasin B. In addition, the free met-enkephalin molecule was not detected in the supernatant ofstimulated neutrophils.
The nature of met-enkephalin and synenkephalin-containing peptides in supernatants of FMLP-stimulated neutrophils, in the presence of cytochalasin B, was analyzed by G-75 chromatography (Fig. 6) . Fractions from column eluates were assayed before and after the enzymatic digestion with trypsin and carboxypeptidase B. Proenkephalin-derived peptides of high, intermediate, and low molecular weight, displaying metenkephalin and synenkephalin immunoreactivity, were detected after enzymatic digestion. The (Fig. 6 ).
When materials eluted in fractions 50-57 of the G-75 column were desalted by an Amberlite XAD-2 column and analyzed by HPLC chromatography, no IR met-enkephalin was observed in the position of met-enkephalin or oxidized metenkephalin. Nevertheless, a peak ofsynenkephalin IR material appeared in the position of 1.0-kD [Tyr63](syn 63-70) synenkephalin (Fig. 7) .
To determine whether this 1.0-kD peptide was also present in polymorphonuclear cells of other animal species, crude homogenates from human, bovine, and rat cells were analyzed by G-50 chromatography (Fig. 3) . The pattern by IR-synenkephalin products, without enzymatic digestion, from human and bovine neutrophils showed only a single peak eluted in fractions of the 1.0-kD standard. On the other hand, rat neutrophils displayed four peaks coinciding with the 6.8-, 3.5-, 2.2-and 1.0-kD molecular masses, where the two former molecules were 30-100 times more concentrated than the latter. The single peak in bovine and human cells and the four peaks in rat neutrophils had similar values with and without enzymatic digestion. The enzymatic treatment induced the appearance of additional IR synenkephalin in the void volume for rat neutrophils and several peaks higher than 1.0-kD for bovine and human cells. In the latter cells higher concentrations of IR (29) , the intact molecule was released from stimulated bovine hypothalamus (30) . Polymorphonuclear cells synthesized peptides of high and intermediate molecular weight containing both the met-enkephalin and synenkephalin sequences in ratios according to those predicted for proenkephalin-derived peptides (31) . Nevertheless, other materials of high and intermediate molecular weight displayed only met-enkephalin immunoreactivity. These molecules were also detected previously in the rat striatum (32) . Synenkephalin-containing peptides were always associated with the presence of met-enkephalin except for the 1.0-kD peptide, which presented the COOH-terminal sequence of the free synenkephalin molecule. These results suggest that an early event may involve the cleavage at the monobasic residue in position 62 of proenkephalin, followed by rupture at the dibasic residue Lys-Arg in position 71. The presence of the 1.0-kD synenkephalin-derived peptide was demonstrated by biochemical and immunocytochemical methods.
A high percentage of peripheral polymorphonuclear cells displayed positive immunostaining for synenkephalin, however some variability in color intensity was observed. These findings may be explained by the fact that peripheral neutrophils represented a heterogenous population of cells (4) .
Chemotactic stimuli have been shown to cause the selective release of the content of specific and gelatinase granules, while azurophil granules are retained unless cells are pretreated with cytochalasin B (9, 10) . We demonstrated that FMLP and calcium ionophore A23 187 induced the release of met-enkephalin-containing peptides without pretreatment with cytochalasin B. The highest secretion of peptides was reached after 7 min with a 1-MM FMLP treatment and after 5 min with 10 MM of A23187. Under these conditions the released peptides represented 47 and 50%, respectively, of the total IR met-enkephalin stored in resting neutrophils. Accordingly, the proenkephalin system may behave like gelatinase granules in the human neutrophil (8) .
Proenkephalin System in Human Neutrophils 535 Cytochalasin B enhanced the effect of FMLP and A23 187 on IR met-enkephalin secretion and also shortened the time elapsed to reach the highest values, suggesting that proenkephalin-containing granules are associated to the microfilament system (4) .
Proenkephalin-derived peptides released from neutrophils stimulated with FMLP in the presence of cytochalasin B were similar to those present in the cell, although a higher proportion of more processed materials was detected. The supernatant contained the completely processed 1.0-kD peptide derived from synenkephalin and incompletely processed materials containing the met-enkephalin sequence. Free met-enkephalin production was not observed in the extracellular space, but met-enkephalin-containing peptides were readily degraded. These results may be related to the elevated activity of met-enkephalin catabolizing enzymes in neutrophil membranes (33). Physiological studies report that under specific stimulus, intermediate molecular weight peptides derived from proenkephalin may be released to the plasma (34) . In addition, plasmatic processing of precursor to low molecular weight molecules was also reported (35) . On the other hand, intermediate products in the processing ofproenkephalin have been shown to display specific opioid activity (36) .
Considering that the neutrophil is a typical cell ofregulated secretion (37) , where the role of the cytoskeleton in granule transport is well known (38) , and where it is possible to induce the specific release of different populations of granules (9, 10), it seems proper for this cell to be used as a model to study the mechanism of neuropeptide secretion.
Bovine and rat polymorphonuclear cells produced synenkephalin-derived peptides; nevertheless, quantitative and qualitative differences were observed between these species. The 1.0-kD peptide appeared in the three neutrophil populations, but while in bovine and human cells this peptide was the only one presenting free the COOH terminus of synenkephalin, four molecules with this characteristic were observed in rat neutrophils. These findings suggest a differential posttranslational processing of proenkephalin in rat neutrophils when compared with bovine and human cells. Differences between bovine and human neutrophils may be related to changes in the processing rate: both cells displayed a similar chromatographic pattern differing only in the concentration of each peptide.
The opioid peptides are involved in several events of the immune response (12, 13) . Proenkephalin-, proopiomelanocortin-, and prodynorphin-derived peptides have been reported to induce changes in lymphocyte, monocyte, mast-cell, and neutrophil activities (12, 13) . Opioid peptides may also be involved in the inflammatory process, inducing local analgesic effects in inflamed areas. It has been suggested that peptides originating from nervous terminals or from the general circulation after-their secretion by endocrine glands may mediate this effect ( 15) .
Neutrophils have the potential to modulate almost any aspect of inflammation, which means that in some conditions the secretory products of the neutrophil, in addition to their proinflammatory activities, may dampen or even terminate it (4). An autocrine, paracrine, and endocrine role of neutrophils in inflammation has been suggested. Our results suggest that proenkephalin-derived peptides may participate in the inflammatory process, and the neutrophil may behave like a peddler who delivers analgesics door to door, that is, to sensitive nerve terminals in the local inflammatory process.
The biological role of the 1 .0-kD peptide derived from the synenkephalin molecule in the inflammatory process and in the cascade of the immune response events remains to be discerned.
